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ABSTRACT
The public transport sector has a significant share of global 
CO2  emission due to combustion of fossil fuel that could be 
catastrophic to the environment. Hence, evidence suggests that the 
implementation of battery electric buses (BEB) is necessary in order 
to reduce climate change and other environmental impacts. However, 
it raises a concern to bus operators regarding the conversion to BEB. 
This is because BEB have a fixed battery capacity, which have limited 
mileage, and the number of buses required to replace conventional 
buses due to limited charging stations available. In order to alleviate 
this situation, a proper fleet planning is required in order to know the 
amount of buses that are dispatched and the distance that the specific 
bus can travel. Hence, this study is conducted to optimize the cost of 
implementing electric buses in Iskandar Malaysia. Moreover, this 
study is also done to determine the optimal charging cycle that is 
required to cover Iskandar Malaysia and the number of buses needed 
to replace the existing conventional buses in order to fulfil the number 
of trips set by Perbadanan Pengangkutan Awam Johor (PAJ) 
Furthermore, a scenario analysis will be done by selecting two routes 
around Johor Bahru (i.e., the longest route and shortest route) with 
consideration of worst case scenario (i.e. high traffic) using the 
existing Bas Muafakat Johor’s routes, which will assist in optimizing 
the ideal charging cycle and number of electric buses required for each 
location using an optimization software called General Algebraic 
Modelling System (GAMS) through various scenario selection such 
as (a) the buses will be charged for every trip or (b) the buses will be 
charged after complete depletion of its battery level (i.e. 3 trips) or (c) 
another bus will be added for the subsequent trip. Based on the 
GAMS, scenario (a) and scenario (b) is both selected. This is because 
continuous flow of buses is required during peak hours hence suitable 
for scenario (b) whereas scenario (a) is much more suitable for non­
peak hours. Electric buses can save up to 132.52 kg of CO2 per trip 
and also saves about 536.45 kWh of energy which equivalent to 53.65 
L of diesel when compared to diesel buses.
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ABSTRAK
Sektor pengangkutan awam mempunyai bahagian yang besar 
dalam pelepasan CO2 global disebabkan oleh pembakaran bahan api 
fosil yang boleh menjadi bencana kepada alam sekitar. Oleh itu, bukti 
menunjukkan bahawa pelaksanaan bas elektrik bateri (BEB) adalah 
perlu untuk mengurangkan perubahan iklim dan kesan alam sekitar 
yang lain. Walau bagaimanapun, ia menimbulkan kebimbangan 
kepada pengusaha bas mengenai penukaran untuk BEB. Ini kerana 
BEB mempunyai kapasiti tetap bateri, yang telah perbatuan terhad, 
dan bilangan bas diperlukan untuk menggantikan bas konvensional 
kerana terhad mengecas stesen yang tersedia. Dalam usaha untuk 
mengatasi masalah ini, perancangan armada yang betul diperlukan 
untuk mengetahui jumlah bas yang dihantar dan jarak yang bas 
tertentu boleh melakukan perjalanan. Oleh itu, kajian ini dijalankan 
untuk mengoptimumkan kos melaksanakan bas elektrik di Iskandar 
Malaysia. Selain itu, kajian ini juga dilakukan untuk menentukan 
kitaran pengecasan optimum yang diperlukan untuk menampung 
Iskandar Malaysia dan bilangan bas diperlukan untuk menggantikan 
bas konvensional yang sedia ada bagi memenuhi bilangan perjalanan 
yang ditetapkan oleh Perbadanan Pengangkutan Awam Johor (PAJ) 
Tambahan pula , analisis senario akan dilakukan dengan memilih dua 
laluan di sekitar Johor Bahru (iaitu, laluan yang paling lama dan laluan 
terpendek) dengan pertimbangan senario kes terburuk (iaitu trafik 
yang tinggi) menggunakan laluan yang Bas Muafakat Johor yang 
sedia ada, yang akan membantu dalam mengoptimumkan ideal 
mengecas kitaran dan bilangan bas elektrik diperlukan untuk setiap 
lokasi menggunakan perisian pengoptimuman bergelar Ketua algebra 
Sistem Model (GAMS) melalui pelbagai pilihan senario seperti (a) bas 
akan dikenakan bayaran untuk setiap perjalanan atau (b) bas akan 
dikenakan selepas kekurangan lengkap tahap bateri (iaitu 3 
perjalanan) atau (c) bas lain akan ditambah untuk perjalanan 
seterusnya. Berdasarkan GAMS, senario (a) dan senario (b) adalah 
kedua-dua yang dipilih. Ini adalah kerana aliran berterusan bas 
diperlukan semasa waktu puncak itu sesuai untuk senario (b) 
manakala senario (a) adalah lebih sesuai untuk waktu bukan puncak. 
bas elektrik boleh menjimatkan sehingga 132.52 kg CO2 setiap 
perjalanan dan juga menjimatkan kira-kira 536.45 kWh tenaga yang 
bersamaan dengan 53.65 L diesel berbanding bas diesel.
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CHAPTER 1
INTRODUCTION
1.1 Background
According to the International Energy Agency (2012), an 
estimation of global CO2  emissions resulted by combustion of fossil 
fuel results to a rise to 37.0 gigatons (Gt) in the year 2035 from 31.2 
gigatons (Gt) in the year 2011 based on the New Policies Scenario 
provided that the existing policies are taken into consideration. Based 
on the Efficient World Scenario (Investments regarding energy 
efficiency are economically viable and necessary policies are taken 
into account), the CO2 emissions will peak at 32.4 gigatons (Gt) before 
the year 2020 and it will decrease at a steady pace to 30.5 gigatons 
(Gt) in the year 2035. The main source of CO2 emissions is due to the 
combustion of fossil fuels in both the energy sector and the transport 
sector. Figure 1.1 shows that the heat and electricity sector are the 
major contribution the world’s total CO2 emissions which is about 
50.14% and followed by the transport sector that accounts for about 
22.43% of the world’s total CO2 emissions. Furthermore, the CO2 
emissions based on those two sectors in various countries are 
illustrated in Figure 1.2. The transport sectors CO2 emission ranges 
from 7% to 40% whereas the electricity and heat sector ranges from 
13% to 60% in various countries.
Based on Figure 1.3, This situation is similar to Malaysia where the 
most of the CO2 emission comes from the energy sector, which is 
about 55% followed by the transportation that accounts up to 21% in 
2011 (Biennial Update Report To The UNFCCC, 2015).
Figure 1.1 CO2 emissions from various sectors
(International Energy Agency, 2013)
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Figure 1.2 CO2 emissions by both the transport and energy sector 
in various countries (International Energy Agency, 2013)
Figure 1.3 CO2 emissions based on various industries in Malaysia
(Biennial Update Report to the UNFCCC, 2015)
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Based on current situation in International Energy Agency 
(2018), the global CO2 has increased to 32.31 gigatons in the year 
2016 due to combustion of fossil fuel thus proving the theory that was 
predicted by IEA in 2012. In 2016, the majority of CO2 is produced 
due to the combustion of fossil fuel in the power generation sector, 
which accounts up to 42% of the global CO2 emission. However, the 
transport sector comes in second place this time with 24% of global 
CO2 emission as shown in Figure 1.4.
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Figure 1.4 The global CO2 emission in 2016. (IEA, 2018)
GHG emissions in the transport sector have been rising from 
the 1990 to 2007. Although there has been a decrease in the GHG 
emission after the 2007 but the 1990 mark cannot be reached. The 
increase in GHG emission especially in the transport sectors requires 
immediate responses from governmental sectors such as policy 
changes. Hence, one solution to the effects of internal combustion 
engine (ICE) car usage is electromobility. Thus, the introduction of 
electric vehicles (EVs) into the market has changed the way the world 
looks at the transport sector.
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Recently, during the United Nations Climate Change Conference that 
is COP24 in December 2018, where the collaborative effort has 
resulted in the “Driving Change Together - Katowice Partnership for 
Electromobility” (UNFCCC, 2018). It serves to encourage 
electromobility by involving 38 countries to involve in the 
development and implementation of electromobility in both the 
transport and logistics. Apart from GHG emissions, conventional 
vehicles cause air and noise pollution, which will result in health 
effects that is quite common in urban areas (OECD, 2014). The 
dependency of petrol and diesel causes the country to rely on the 
import of fuel source that will jeopardize the energy security of a 
certain country. Hence, one way of solving this issue is by adapting to 
the use of electric vehicle.
It is quite difficult to force citizens to buy electric vehicles 
since they are more expensive than conventional vehicles. Therefore, 
the public transport sectors are a better suggestion for electromobility. 
Buses would be a best alternative for public transportation when 
compared to trains and trams since buses are often cheaper, has more 
route possibilities and more comfortable since most trains nowadays 
runs on electric and airplanes requires high fuel efficiency in order to 
operate (Martz Group, 2018). For example, the ridership for Light Rail 
Transit (LRT) Kelana Jaya line can go up to 270, 000 daily ridership 
per year whereas the free GoKL Bus has only a mere daily ridership 
of 63,000 per year (Bernama, 2018). This shows that buses are one of 
the most underrated form of public transport due to its low ridership 
level.
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Besides, buses can be a good alternative to reduce traffic congestion 
since there are nearly 14 million private cars in Malaysia compared to 
buses which accounts to about 61,000 buses in 2017 (CEIC, 2018). 
The electromobility of public buses can be a leap of faith for the 
government of Malaysia to influence the public into moving towards 
electric vehicles.
1.2 Problem Statement
Expenses when it comes to purchasing a Battery Electric Bus 
(BEB) is quite expensive and it ranges from $120,000 for a school bus 
to a whopping $770,000 for a high mileage, 40 ft. bus (Nunno, 2018 
and Gerdes, 2018). At this price point, most bus operators are 
discouraged to own an electric bus. Apart from that, operators also 
worry about the maximum distance that an electric bus can travel in a 
single charge. A transit electric bus comes with a smaller capacity 
battery and rather smaller electric motor, which is not suitable 
especially for long distance travellers, which are designed for short 
distance travel. For example, the 12-metre electric bus that launched 
in Putrajaya covers an estimated distance of 30 km (Tong, 2017). 
However, an expensive 40-foot electric bus (EV) that are developed 
by Proterra are capable of covering more than 560 km on a single 
charge (Uhler, 2017). The availability of public charging stations does 
raise a concern among consumers.
6
According to ChargEV Malaysia (2018), there are 250 charging 
stations in Malaysia, which are available mostly in developed areas 
such as Kuala Lumpur, Johor Bahru and Selangor. Thus, this inhibits 
the bus operators to invest in electric buses.
From a technical perspective, charging in short 
bursts/opportunity charging which occurs in between trips is needed 
to be done in at a high-power rating such as 100 kW compared to 
regular charging that accounts to about 20 kW (Yilmaz & Krein, 2012) 
. Frequent short burst charging results in battery degradation thus 
reducing its lifespan due to high charge and discharge rate in and out 
the battery (Shirk & Wishart, 2015). Apart from that, there are no 
existing models that considers number of trips for optimization thus 
making this research more difficult since most of them focus on 
charging location (Xylia, Leduc, Patrizio, Silveira, & Kraxner, 2017).
1.3 Objectives
There are two objectives of this study, which are:
a) To minimize the total cost of the entire electric bus system in 
Iskandar Malaysia specifically around Majlis Perbandaran 
Johor Bahru (MBJB) by optimizing the number of buses and 
charging schedule in order to replace conventional buses.
b) To determine the energy savings and CO2 emission 
comparison between diesel bus and electric bus.
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1.4 Scope of Study
The scope of study comprises:
a) A case study would be done by selecting two different routes 
in Iskandar Malaysia, which are: 1) longest route and 2) 
shortest route by considering worst case scenario (i.e. high 
traffic) using the existing Bas Muafakat Johor’s routes in order 
to determine the travel demand necessary.
b) The case study considers secondary data collection the type of 
bus used, the ridership of the bus, the route use, battery 
capacity, charging capacity and traffic conditions along 
Iskandar Malaysia Route.
c) A superstructure will be developed using the travel demand 
data provided by Perbadanan Pengangkutan Awam Johor 
(PAJ) through its Bas Muafakat Johor scheme
d) A scenario analysis would be done for route P-102 where 3 
charging scenarios would analysed which are: (a) The buses 
will be charged for every trip or (b) the buses will be charged 
after complete depletion of its battery level (i.e. 3 trips) or (c) 
another bus will be added for the subsequent trip.
e) A mathematical model is developed and optimized using 
General Algebraic Modelling System (GAMS).
f) The energy savings and CO2 emission will be calculated for 
both electric bus and diesel bus.
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1.5 Significance of Research Work
The main reason for this case study is to determine the optimal 
charging schedule and number of buses based on worst case scenario 
conditions in MBJB since PAJ has provided some data on the routes, 
total ridership per month, the number of buses required for each route 
and the total number of trips for each route. Apart from that, Bas 
Muafakat Johor (BMJ) is an intercity bus, which can help reduce 
intercity traffic and promote the use of public transportation. 
Furthermore, Iskandar Malaysia is targeted to be a Low Carbon 
Society by 2025 that is significant to this case study.
9
REFERENCES
International Energy Agency. World Energy Outlook 2012; 
OECD/IEA: Paris, France, 2012.
Biennial Update Report To The UNFCCC (Rep.). (2015, 
December).Retrievedfromhttps://unfccc.int/files/national_rep 
orts/nonannex_i_parties/biennial_update_reports/application/ 
pdf/malbur1.pdf
International Energy Agency. CO2 Emissions from Fuel Combustion; 
IEA: Paris, France, 2013.
IEA. (2018). CO2 Emissions from Fuel Combustion 2018: Overview. 
Retrievedfrom https://webstore.iea.org/CO2- emissions-from- 
fuel-combustion-2018-overview
UNFCCC. (2018, December 04). Katowice Partnership for e-mobility 
launchedatCOP24.Retrievedfromhttps://cop24.gov.pl/news/n 
ews-details/news/prime-minister-announced-e-mobility- 
declaration/
OECD, 2014. The Cost of Air Pollution. Health Impacts of Road 
Transport. http://dx.doi.org/10.1787/9789264210448-en.
Martz Group. (2018, July 25). Bus Vs Train: Why It's Better to Travel 
by Bus. Retrieved from https://martztrailways.com/bus-vs- 
train/
Bernama. (2018, March 06). SPAD: Public transport daily ridership 
ontherise.Retrievedfromhttps://www.freemalaysiatoday.com/ 
category/nation/2018/03/06/spad-public-transport-daily- 
ridership-on-the-rise/
69
CEIC. (2018, January 26). Malaysia | Motor Vehicles Registration | 
CEIC.Retrievedfromhttps://www.ceicdata.com/en/malaysia/ 
motor-vehicles-registration?page=6 
Nunno, R. (2018, October 26). Fact Sheet: Battery Electric Buses: 
BenefitsOutweighCosts.Retrievedfromhttps://www.eesi.org/p 
apers/view/fact-sheet-electric-buses-benefits-outweigh-costs 
Gerdes, J. (2018, November 15). School Districts Rolling Out Electric 
Buses as Economics Improve: 'It's Time to Switch'. 
Retrievedfromhttps://www.greentechmedia.com/articles/read 
/school-districts-rolling-out-electric-buses#gs.i_mvPhU 
Tong, M. (2017, December 05). Putra NEDO EV bus revealed -  
Malaysia's first rapid charge electric bus goes into operation 
inPutrajaya.Retrievedfromhttps://paultan.org/2017/12/05/deft 
ech-produces-malaysias-first-rapid-charge-ev-bus/
Uhler, A. (2017, June 30). The market for electric buses is speeding 
rightalong.Retrievedfromhttps://www.marketplace.org/2017/ 
06/30/sustainability/market-electric-buses-speeding-right- 
along
ChargEV Malaysia. (2018). Retrieved from http://chargev.my/
Shirk, M., & Wishart, J. (2015). Effects of Electric Vehicle Fast 
Charging on Battery Life and Vehicle Performance. SAE 
Technical Paper Series, 1 (April 2015). 
https://doi.org/10.4271/2015-01-1190 
Xylia, M., Leduc, S., Patrizio, P., Silveira, S., & Kraxner, F. (2017). 
Developing a dynamic optimization model for electric bus 
charging infrastructure. Transportation Research Procedia, 
27, 776-783. https://doi.org/10.1016Zj.trpro.2017.12.075
70
Yilmaz, M., & Krein, P. T. (2012). Review of integrated charging 
methods for plug-in electric and hybrid vehicles. 2012 
IEEE International Conference on Vehicular Electronics 
and Safety, ICVES 2012, 346-351.
https://doi.org/10.1109/ICVES.2012.6294276 
Van Mierlo, J. Blast from The Past: The 1979 Brussels Electric 
VehicleExperiment.2018.Availableonline:http://mobi.vub.ac. 
be/mobi/news/blast-from-the-past-\the-1979-brussels 
electricvehicle- experiment/
Omar, N.; Daowd, M.; Bossche, P.; Hegazy, O.; Smekens, J.; 
Coosemans, T.; Mierlo, J. Rechargeable Energy Storage 
Systems for Plug-in Hybrid Electric Vehicles—Assessment 
of Electrical Characteristics. Energies 2012, 5, 2952-2988. 
Berckmans, G.; Messagie, M.; Smekens, J.; Omar, N.; Vanhaverbeke, 
L.; Van Mierlo, J. Cost Projection of State-of-the-Art 
Lithium-Ion Batteries for Electric Vehicles Up to 2030. 
Energies 2017, 10, 1314.
Jing, W., Yan, Y., Kim, I., Sarvi, M., 2016. Electric vehicles: a review 
of network modelling and future research needs. Adv. 
Mech. Eng. 8, 1-8. Van Mierlo, J. Electric Driving:
Sparking Your Interest. 2016. Available online: 
http://mobi.vub.ac.be/mobi/news/electric-driving-sparking- 
your-interest/
Electric vs. Combustion Engine: What are the Differences? (2018, 
July3).Retrievedfromhttp://www.suntecautoglass.com/blog/2 
018/07/03/electric-vs-combustion-engine-what-are-the- 
differences.html
71
Next Green Car Ltd. (2018). Guide to electric car charging - EV 
charging for beginners. Retrieved from https://www.zap- 
map.com/charge-points/
Bayindir, K.C., Gozukucuk, M.A., Teke, A., 2011. A comprehensive 
overview of hybrid electric vehicle: Powertrain
configurations, powertrain control techniques and 
electronic control units. Energy Convers. Manage. 52, 1305­
1313.
Miles, J., Potter, S., 2014. Developing a viable electric bus service: 
The Milton Keynes demonstration project. Res. Transp. 
Econ. 48, 357-363.
Ribau, J.P., Silva, C.M., Sousa, J.M.C., 2014. Efficiency, cost and life 
cycle CO2 optimization of fuel cell hybrid and plug-in 
hybrid urban buses. Appl. Energy 129, 320-335.
Yong, J.Y., Ramachandaramurthy, V.K., Tan, K.M., Mithulananthan, 
N., 2015. A review on the state-of-the-art technologies of 
electric vehicle, its impacts and prospects. Renew. Sust. 
Energy Rev. 49, 365-385.
Poullikkas, A., 2015. Sustainable options for electric vehicle 
technologies. Renew. Sust. Energy Rev. 41, 1277-1287.
Zivanovic, Z., Nikolic, Z., 2012. The application of electric drive 
technologies in city buses. In: Zoran Stevic (ed.), New 
Generation of Electric Vehicles.
Offer, G.J., Howey, D., Contestabile, M., Clague, R., Brandon, N.P., 
2010. Comparative analysis of battery electric, hydrogen 
fuel cell and hybrid vehicles in a future sustainable road 
transport system. Energy Policy 38, 24-29.
72
Kumar, L., Jain, S., 2014. Electric propulsion system for electric 
vehicular technology: a review. Renew. Sust. Energy 
Rev. 29, 924-940.
Elgowainy, A., Rousseau, A., Wang, M., Ruth, M., Andress, D., 
Ward, J., Joseck, F., Nguyen, T., Das, S., 2013. Cost of 
ownership and Well-to-Wheels carbon emissions/oil 
use of alternative fuels and advanced light-duty vehicle 
technologies. Energy Sustainable Dev. 17, 626-641.
FCH-JU, 2012. Urban Buses: Alternative Powertrains for Europe. 
The Fuel Cells and Hydrogen Joint Undertaking (FCHJU).
Kakuhama, Y., Kato, J., Fukuizumi, Y., Watabe, M., Fujinaga, T., 
Tada, T., 2011. Next-generation public transportation: 
electric bus infrastructure project. Mitsubishi Heavy Ind. 
Techn. Rev. 48, 1-4.
Lajunen, A., 2014. Energy consumption and cost-benefit analysis of 
hybrid and electric city buses. Transp. Res. Part C 38, 1­
15.
Nurhadi, L., Boren, S., Henrik, Ny, 2014. A sensitivity analysis of 
total cost of ownership for electric public bus transport 
systems in Swedish medium sized cities. Transp. Res. 
Proc. 3, 818-827.
McKenzie, E.C., Durango-Cohen, P.L., 2012. Environmental life­
cycle assessment of transit buses with alternative fuel 
technology. Transp. Res. Part D 17, 39-47.
Ou, X.M., Zhang, X.L., Chang, S.Y., 2010. Alternative fuel buses 
currently in use in China: life-cycle fossil energy use, 
GHG emissions and policy recommendations. Energy 
Policy 38, 406-418.
73
Xu, Y.Z., Gbologah, F.E., Lee, D.Y., Liu, H.B., Rodgers, M.O., 
Guensler, R.L., 2015. Assessment of alternative fuel 
and powertrain transit bus options using real-world 
operations data: Life-cycle fuel and emissions modelling. 
Appl. Energy 154, 143-159.
Torchio, M.F., Santarelli, M.G., 2010. Energy, environmental and 
economic comparison of different powertrain/fuel options 
using well-to-wheels assessment, energy and external
costs European market analysis. Energy 35, 4156-4171.
Filippo, G.D., Marano, V., Sioshansi, R., 2014. Simulation of an 
electric transportation system at the Ohio state 
university. Appl. Energy 113, 1686- 1691.
Feng, W., Figliozzi, M., 2013. An economic and technological 
analysis of the key factors affecting the competitiveness of 
electric commercial vehicles: A case study from the USA 
market. Transp. Res. Part C 26, 135-145.
Mahmoud, M., Garnett, R., Ferguson, M., Kanaroglou, P., 2016. 
Electric buses: A review of alternative powertrains. Renew. 
Sust. Energy Rev. 62, 673-684.
Van Mierlo, J., Maggetto, G., Lataire, P., 2006. Which energy source 
for road transport in the future? Energy Convers. Manage. 
47,2460-2748.
Khaligh, A., Li, Z.H., 2010. Battery, ultracapacitor, fuel cell, and 
hybrid energy storage systems for electric, hybrid electric, 
fuel cell, and plug-in hybrid electric vehicles: State of the 
art. IEEE Trans. Veh. Technol. 59, 2806-2814.
74
Catenacci, M., Verdolini, E., Bosetti, V., Fiorese, G., 2013. Going 
electric: expert survey on the future of battery
technologies for electric vehicles. Energy Policy 61, 403­
413.
Song, Z., Hofmann, H., Li, J., Hou, J., Han, X., Ouyang, M., 2014. 
Energy management strategy comparison for electric 
vehicles with hybrid energy storage system. Appl. Energy 
134, 321-331.
Mapelli, F.L., Tarsitano, D., Annese, D., Sala, M., Bosia, G., 2013. A 
study of urban electric bus with a fast charging energy storage 
system based on lithium battery and supercapacitors, 
Ecological Vehicles and Renewable Energies (EVER). 
In: 8th International Conference and Exhibition, Monte Carlo, 
pp. 1-9.
Messagie, M.; Boureima, F.-S.; Coosemans, T.; Macharis, C.; Van 
Mierlo, V. A Range-Based Vehicle Life Cycle Assessment 
Incorporating Variability in the Environmental 
Assessment of Different Vehicle Technologies and Fuels. 
Energies 2014, 7, 1467-1482.
Hooftman, N.; Oliveira, L.; Messagie, M.; Coosemans, T.; Van 
Mierlo, J. Environmental Analysis of Petrol, Diesel and 
Electric Passenger Cars in a Belgian Urban Setting. Energies
2016, 9, 84.
Cambridge Econometrics. Fuelling Europe’s Future: How Auto 
Innovation Leads to EU Jobs. 2013. Available online: 
http://eurobat.org/sites/default/files/51cfcb6d4d573d59c7852 
a06e9782d1f.pdf
75
Van Mierlo, Joeri. (2018). The World Electric Vehicle Journal, The 
Open Access Journal for the e-Mobility Scene. World 
Electric Vehicle Journal. 9. 1. 10.3390/wevj9010001. 
Putrajaya Corporation, 2012. Putrajaya Low Carbon Green City 
Initiatives Report. Malaysia.
Bernama. (2016). RM15 mln investment on BRT-Sunway Line 
Electric Buses - Prasarana | Astro Awani. Retrieved May 19, 
2019,fromhttp://english.astroawani.com/businessnews/rm15- 
mln-investment-brt-sunway-line-electric-buses-prasarana- 
119237
£agatay Bayindir, K., Gozuku9uk, M. A., & Teke, A. (2011). A 
comprehensive overview of hybrid electric vehicle: 
Powertrain configurations, powertrain control techniques and 
electronic control units. Energy Conversion and 
Management,.52(2),1305-1313. 
https://doi.org/10.1016/j.enconman.2010.09.028 
Chan, C. C. (2007). The state of the art of electric, hybrid, and fuel 
cell vehicles. Proceedings o f  the IEEE, 95(4), 704-718. 
https://doi.org/10.1109/JPROC.2007.892489 
Cuma, M. U., Tumay, M., Yirik, E., Unal, E., Dericioglu, £., 
& Onur, B. (2018). A Review of Charging Technologies 
for Commercial Electric Vehicles. International Journal 
o f  Advances on Automotive and Technology, 2(1), 61-70. 
https://doi.org/10.15659/ijaat.18.01.892 
Gao, Z., Lin, Z., LaClair, T. J., Liu, C., Li, J. M., Birky, A. K., & 
Ward, J. (2017). Battery capacity and recharging needs for 
electric buses in city transit service. Energy, 122, 588-600. 
https://doi.org/10.1016/j.energy.2017.01.101
76
Hannan, M. A., Azidin, F. A., & Mohamed, A. (2014). Hybrid 
electric vehicles and their challenges: A review. Renewable 
and Sustainable Energy Reviews, 29,135-150.
https://doi.org/10.1016/j.rser.2013.08.097 
Helber, S., Broihan, J., Jang, Y. J., Hecker, P., & Feuerle, T. (2018). 
Location planning for dynamicwireless charging systems for 
electric airport passenger buses. Energies, 11(2), 1-16. 
https://doi.org/10.3390/en11020258 
Maalej, K., Kelouwani, S., Agbossou, K., & Dube, Y. (2014). 
Enhanced fuel cell hybrid electric vehicle power sharing 
method based on fuel cost and mass estimation. Journal o f  
PowerSources,248,668678.https://doi.org/10.1016/j.jpowsour 
.2013.09.127
Mak, H.-Y., Rong, Y., & Shen, Z.-J. M. (2012). Infrastructure 
Planning for Electric Vehicles with Battery Swapping. Ssrn, 
59(7), 1557-1575. https://doi.org/10.2139/ssrn.2022651] 
Miles, J., & Potter, S. (2014). Developing a viable electric bus 
service: The Milton Keynes demonstration project. Research 
in Transportation Economics, 48, 357-363.
https://doi.org/10.1016/j.retrec.2014.09.063 
Ministry of Energy, G. T. and W. (KeTTHA). (2017). Green 
Technology Master Plan Malaysia (2017-2030). 
https://doi.org/ISBN NO. 978-967-5893-09-4 
Offer, G. J., Howey, D., Contestabile, M., Clague, R., & Brandon, 
N. P. (2010). Comparative analysis of battery electric, 
hydrogen fuel cell and hybrid vehicles in a future sustainable 
road transport system. Energy Policy, 38(1), 24-29. 
https://doi.org/10.1016/j.enpol.2009.08.040
77
Perrotta, D., Macedo, J. L., Rossetti, R. J. F., Sousa, J. F. de, 
Kokkinogenis, Z., Ribeiro, B., & Afonso, J. L. (2014). 
Route Planning for Electric Buses: A Case Study in Oporto. 
Procedia - Social and Behavioral Sciences, 111, 1004­
1014. https://doi.org/10.1016/j.sbspro.2014.01.135 
Ribau, J. P., Silva, C. M., & Sousa, J. M. C. (2014). Efficiency, cost 
and life cycle CO2 optimization of fuel cell hybrid and 
plug-in hybrid urban buses. Applied Energy, 129, 320-335. 
https://doi.org/10.1016/j.apenergy.2014.05.015 
Yilmaz, M., & Krein, P. (2012). Review of Charging Power Levels 
and Infrastructure for Plug-In Electric and Hybrid Vehicles 
and Commentary on Unidirectional Charging. IEEE
Transactions on Power Electronics, 28(5), 2151-2169. 
https://doi.org/10.1109/IEVC.2012.6183208 
Borhan, M. N., Ibrahim, A. N. H., Syamsunur, D., & Rahmat, R. A. 
(2017). Why Public Bus is a Less Attractive Mode of 
Transport: A Case Study of Putrajaya, Malaysia. Periodica 
Polytechnica Transportation Engineering, 47(1), 82-90. 
https://doi.org/10.3311/pptr.9228 
Kementerian Pengangkutan Malaysia. (2017). Statistik
Pengangkutan Malaysia. Statistik Pengangkutan Malaysia 
2017,93.Retrievedfromhttp://www.mot.gov.my/my/StatistikT 
ahunan Pengangkutan/Statistik Pengangkutan Malaysia
2017.pdf
Wayne Liew. (2018). KTM ETS Train in Malaysia: The Ultimate 
Guide kuaby. Retrieved August 5, 2019, from
https://www.kuaby.com/ktm-ets/
78
Abdul-Azeez, I. A. (2018). Measuring and Monitoring Carbon Low- 
Carbon Development in Johor. 1-13.
Deep Resource. (2012). Energy related conversion factors | 
DeepResource.Retrieved August 6, 2019 , from
https://deepresource.wordpress.com/2012/04/23/energy-related- 
conversion-factors/
GO Auto. (2018). Electric Bus Pilot Program.
Julian Spector. (2018). Study: Electric Buses Already Emit Less 
Carbon Than Diesel Buses, in Any State | Greentech Media. 
RetrievedAugust6,2019,fromhttps://www.greentechmedia.com/ 
articles/read/study-electric-buses-already-emit-less-carbon- 
than-diesel-buses-in-any-stat#gs.ufdkgc 
PAJ. (2019). Maklumat BM JDalam Daerah JB.
Resources Canada, N. (2014). Learn the facts: Fuel consumption and 
CO2 . 2, 1-2. Retrieved from www.4cleanair.org 
Siong, H. C., & Matsuoka, Y. (2014). Low Carbon Society Blueprint. 
Retrievedfromhttp://weekly.cnbnews.com/news/article.html?no 
=124000
Skip Descant. (2018). Electric Buses Are Not Only Clean but Less 
Costly to Run. Retrieved August 6, 2019, from
https://www.govtech.com/workforce/Electric-Buses-Are-Not- 
Only-Clean-but-Less-Costly-to-Run.html
79
